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[57] ABSTRACT 

A computer-implemented method for predicting, diagnosing 
and/or treating reading deficit in a human being is disclosed. 
The method includes generating a set of tonal stimuli, which 
includes at least a first tonal stimulus and a second tonal 
stimulus. The first tonal stimulus is separated from the 
second tonal stimulus by an interval. The computer- 
implemented method further includes providing the set of 
tonal stimuli to the human being and receiving a response 
from the human being. The response from the human being 
indicates a perception by the human being pertaining to the 
set of tonal stimuli. Further, the computer-implemented 
method includes ascertaining a first parameter pertaining to 
the set of tonal stimuli at which the response is inaccurate. 
The first parameter is one of a frequency parameter and a 
time parameter. The first parameter indicates that the human 
is susceptible to the reading deficit if the first parameter is 
above a predefined parameter value. 

16 Claims, 5 Drawing Sheets 
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TECHNIQUES FOR PREDICTING READING 
DEFICIT BASED ON ACOUSTICAL 
MEASUREMENTS 

BACKGROUND OF THE INVENTION 

The present invention relates generally to techniques for 
improving learning iirpccpic. itiOIC; parUcuiaiiy, tuc picacni 
invention relates to improved techniques for diagnosing, 
predicting, and treating reading deficit in a person based on 
acoustical measurements. 

Reading deficit (RD) is an impairment in the ability of a 
person to read, decode, and comprehend written words. 
Such an impairment often presents a serious obstacle to 
social and/or economic success. This is because deficiencies 
in reading skills, in addition to causing difficulties in com- 
prehending written words and in learning, may lead to low 
self-esteem and/or a host of other learning-related social 
problems. 

Fortunately, reading deficit often admits remediation 
although success rates of the various available method may 
vary considerably. If a person is identified as having a 
reading deficit, his reading skills may be improved using a 
variety of intervention techniques known in the art, such as 
training and/or therapy. Indeed, if susceptibility to reading 
deficit is detected sufficiently early, young children may, for 
example, be given supplemental training and/or therapy to 
strengthen the skills required for successful reading even 
before they reach their reading age. In this manner, these 
young children may undergo intervention programs early on 
and acquire sufficient skills to at least keep up with their 
peers by the time they start learning to read, thereby mini- 
mizing learning-related self-esteem and/or other related 
social problems. 

In the prior art, there exists a variety of techniques for 
identifying whether a particular person suffers from reading 
deficit. However, these prior art techniques typically focus 
on formulating reading tests that can accurately ascertain 
whether a particular person is deficient in reading skills. For 
example, a person suspected of suffering from reading 
deficit may, according to one prior art technique, be asked to 
read one or more written passages from a standardized 
reading test. A comparison of the accuracy and/or reading 
rate of the test subject to the accuracy and/or reading rate of 
those deemed to be normal readers may then suggest 
whether that test subject may have reading deficit symp- 
toms. 

To screen individuals (children) before school age (and 
thus before reading instruction), there exist in the prior art a 
testing technique based on language skills called "phono- 
logical awareness," which is broadly defined as the ability to 
consciously break words into their constituent sounds 
(phonemes), to combine phonemes in order to form words, 
and to recognize certain speech-sound regularities such as 
rhyming. The ability to perform the aforementioned tasks 
has been shown to be related to current as well as future 
reading ability (with respect to age-appropriate levels). 

Another test, termed "rapid naming" consists in the 
verbal report of the identity of a number of drawings of 
familiar objects and animals. The number of drawings that 
can be named in a predefined time interval (e.g., one minute) 
is believed to relate to the facility with which reading will 
likely be initiated. Other tests, such as memory, posture 
balance, attention, etc., have been employed to screen pre- 
school children for possible future reading problems. 

Although such prior art techniques may, if properly 
designed and administered, be able to identify with a fair 
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degree of accuracy those suffering from reading deficit, there 
are disadvantages. By way of example, the use of a reading 
test requires that the test subject be at least of reading age, 
i.e., old enough to read the written passages, and that the 

5 tests be normed separately for each language (to determine 
the expected performance levels of a normal reader). 
Accordingly, such reading tests arc- inapplicable for use in 
predicting reading deficit in pre-reading children, i.e., chil- 
dren who are too young to read, and they are also inappli- 

10 cable for use with individuals of other linguistic back- 
grounds than the one the test is made in. 

With respect to screening tests that do not require any 
degree of reading competence, such as the aforementioned 
language skills based tests, they disadvantageously require 

15 the constant supervision of a trained adult throughout the 
duration of test, because a human is required to administer 
and score every test component. Of course, the human 
supervisor must be competent in a child's (or adult test 
subject's) native language in order for the test results to be 

M valid. Additionally, they require, as mentioned earlier, sepa- 
rately developing and norming the test battery for each 
possible target language, because language-based tests such 
as those of phonological awareness and rapid naming will 
have different items and different responses in each lan- 

25 guage. 

In view of the foregoing, there are desired improved 
techniques for identifying, in a reliable manner, whether a 
particular person is likely to suffer from reading deficit. The 
improved reading deficit identifying techniques preferably 
30 employ testing methodologies that are capable of identifying 
reading deficit or the increased probability that such an 
impairment will develop even in test subjects who are of 
pre-reading age or who are non -native. 

35 SUMMARY OF THE INVENTION 

The invention relates, in one embodiment, to a computer- 
implemented method for predicting, diagnosing and/or treat- 
ing reading deficit in a human being. The computer- 

40 implemented method includes generating a set of tonal 
stimuli, which includes at least a first tonal stimulus and a 
second tonal stimulus. The first tonal stimulus is separated 
from the second tonal stimulus by an interval. The computer- 
implemented method further includes providing the set of 

45 tonal stimuli to the human being and receiving a response 
from the human being. The response from the human being 
indicates a perception by the human being pertaining to the 
set of tonal stimuli. Further, the computer-implemented 
method includes ascertaining a first parameter pertaining to 

50 the set of tonal stimuli at which the response is inaccurate. 
The first parameter is one of a frequency parameter and a 
time parameter. The first parameter indicates that the human 
is susceptible to the reading deficit if the first parameter is 
above a predefined parameter value. 

55 In another embodiment, the invention relates to a 
computer-implemented method for predicting reading defi- 
cit in a human being based on acoustic measurements. The 
method includes generating a first tonal stimulus having a 
first frequency and generating a second tonal stimulus 

60 having a second frequency. The method further includes 
providing the first tonal stimulus to the human being and 
providing the second tonal stimulus to the human being. 
There is further included receiving a response from the 
human being, the response having at least two response 

65 values. A first response value of the two response values 
indicates a first perception by the human being that the first 
tonal stimulus equals the second tonal stimulus. The second 
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response value of the two response values indicates a second RD-predictive acoustical tests, which employ a plurality of 
perception of the human being that the first tonal stimulus tonal stimuli having varying frequencies, varying inter- 
differs from the second tonal stimulus. Additionally, the stimulus interval (ISI) 7 and/or varying auditory masks. By 
method includes ascertaining a frequency difference at using acoustical tests based on basic tonal stimuli, the 
which the response is inaccurate. The frequency difference 5 complexities of prior art testing techniques are advanta- 
represents a difference between the first frequency and the geously avoided. Due to the simplicity of the inventive RD 
second frequency, with the frequency difference indicating prediction technique, it indeed becomes possible to employ 
the human being susceptible to the reading deficit if the the inventive RD-predictive acoustical tests to predict RD 
frequency difference is above a predefined value. even in children below the reading age or in non-native 

These and other features of the present invention will be 10 speakers, 

described in more detail below in the detailed description of While not wishing to be bound by theory, it is believed 

the invention and in conjunction with the following figures. that a deficit in auditory processing in the speech frequency 

range, i.e., about 100 Hz to about 6000 Hz leads to a deficit 

BRIEF DESCRIPTION OF THE DRAWINGS k language learning. It is believed that when a person, 

The present invention is illustrated by way of example, 15 whether a child or an adult, fails to process sounds at an 

and not by way of limitation, in the figures of the accom- acceptable rate, resolution (e.g., inter-stimulus interval or 

panying drawings in which: ISI ) ™ d witn sufficient clarity (e.g., with accurate perception 

FIG. 1 shows a general purpose computer system, repre- of * a SOUnd ' s c ™P°™fO; that P^ oa ma 3J 

. . f ; . i ** *u * encounter difficulties in mapping a particular spoken sound 

senting a computer suitable for implementing the present nn A . j T 5 i -r . L . 

. ■ t> t* j ■ * ' , l j 2U to a speech sound in his mind. In other words, it the sound 

inventive RD prediction method. , / . , ' , . 4 

r heard cannot be resolved reasonably unambiguously into a 

FIG. 2 illustrates, in accordance with one emtodiment of particular spccch ^ mc mind of ^ child car i y on in 

the present invention, exemplary tonal stimuli TS1 and TS2, m ^ chQd may have difficulty processing the words 

which are administered to the test subject as a sequential pair being spoken 

of tonal stimuli to test for frequency discrimination. 25 ir.L j-/ j n • 4 i 1 

7 ■ , r . If the auditory processing deficit is not particularly severe, 

FIG. 3 illustrates, in accordance with one aspect of the redundancy ^ spoken language may peralit me child to 

present mvenUon, the computer-implemented technique for comp ensate as he grows up (e.g., by resolving ambiguous 

generating the tonal stimuli employed for RD prediction words ^ context) and may permit ±t grown chQd to be 

based on frequency discnrmnation. able to process spoken language< 0n the other hand, if the 

FIG. 4 illustrates, in accordance with one embodiment of 30 auditory processing deficit is particularly severe, the child 

the present invention, exemplary tonal stimuli TS1 and TS2, may not be able to compensate for the auditory processing 

which are administered to the test subject as a sequential pair deficit and a language learning deficit typically results, 

of tonal stimuli to test for frequency salience. Irrespective of whether a language learning deficit results, 

FIG. 5 illustrates, in accordance with one aspect of the the auditory processing deficit generally makes it difficult 

present invention, the computer-implemented technique for for the child to map a sound heard with a letter or a group 

generating the tonal stimuli employed for RD prediction of letters normally representative of that sound. By way of 

based on frequency salience. example, if the child is confused as to whether a sound heard 

FIG. 6 illustrates, in accordance with one embodiment of represents a "b" or a "d," these two letters may be repre- 

the present invention, exemplary tonal stimuli TS1 and TS2, 4Q sented b y ^ same s° und in the child's mind. Over time, the 

which are administered to the test subject as a sequential pair confusion typically leads to a reading deficit, 

of tonal stimuli to test for repetition. From this understanding, it has been theorized that since 

FIG. 7 illustrates, in accordance with one aspect of the auditory perception affects reading ability over time, it may 

present invention, the computer-implemented technique for be possible to assess or predict reading deficit using tests 

generating the tonal stimuli employed for RD prediction 45 based on auditory perception. It is also theorized that 

based on repetition. improvement in auditory perception through training may 

remedy reading deficit. This aspect of the present invention 

DETAILED DESCRIPTION OF THE is particularly important since it involves clinical applica- 

PREFERRED EMBODIMENTS tions of acoustical measurements to assess, predict, or treat 

The present invention will now be described in detail with 50 ^ ' 
reference to a few preferred embodiments thereof as illus- Further, since speech sounds are generally limited to a 
trated in the accompanying drawings. In the following fairly narrow frequency range, it is further theorized that the 
description, numerous specific details are set forth in order auditory test employed may be based on sounds whose 
to provide a thorough understanding of the present inven- frequencies are generally limited to the frequency range of 
tion. It will be apparent, however, to one skilled in the art, 55 speech sounds. Still further, although reading deficit is being 
that the present invention may be practiced without some or predicted through the auditory tests, it is advantageously 
all of these specific details. In other instances, well known realized that the auditory tests may be based on simple tonal 
process steps and/or structures have not been described in sounds that are understandable even to children of pre- 
detail in order to not unnecessarily obscure the present reading age. For example, even simple monotone, non- 
invention. 60 phoneme sounds within the frequency range of speech may 

In accordance with one aspect of the present invention, be used to test for RD. By limiting the auditory tests to tonal 

there are provided techniques for identifying RD based on stimuli within a narrow frequency range, the auditory test 

acoustical tests. It has been found that there is a correlation mav be substantially simplified and made more accurate for 

between an individuaFs performance on certain acoustical the prediction of reading deficit than language-based tests, 

tests and his susceptibility to reading deficit. In particular, it 65 With the present invention, it is possible to assess in 

has been discovered that RD may be predicted with a advance whether a child may need intervention early on, 

reasonable degree of accuracy based on a set of e.g., supplemental reading and language training, so that the 
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child may keep up with his peers during the subsequent la accordance with yet another aspect of the present 
schooling years. With supplemental training, the child may invention, the RD-predictive acoustical test includes a rep- 
also avoid being labeled and/or treated by his teacher, etition test in which the test subject is presented in a 
parents, and/or peers as a slow reader or a slow learner, sequential manner with a plurality of tonal stimuli. The tonal 
thereby reducing the potential for developing reading- 5 stimuli, which have frequencies within the speech frequency 
related self-esteem and/or other related social problems. range, are separated from one another by a given inter- 
Further, tonal sounds are universal and are not limited to stimulus interval (ISI), with each tonal stimulus having, a 
any particular language. In a highly advantageous manner, fixed frequency. The test subject is then asked to identify the 
the use of simple tonal sounds in the inventive tones by their relative frequencies. By way of example, a 
RD-predictive auditory tests may also permit testing to be 1Q two-tone repetition test may yield, depending on the fre- 
performed on any test subject irrespective of his or her quencies of the tonal stimuli, answers of high/low, low/high, 
native language. Also, the use of simple tonal sounds in RD low/low, high/high. The inter-stimulus interval between the 
predictive auditory tests substantially simplifies the test such tonal stimuli is then progressively reduced in subsequent 
that education or training does not affect their predictive pairs G f tonal stimuli administered. By recording the mini- 
values; i.e., these variables are substantially eliminated in mum inter-stimulus interval at which the test subject could 
the prediction/assessment of whether a given individual 15 no longer accurately identify the tones, it has been found that 
suffers from or is likely to suffer reading deficit. reasonably accurate prediction may also be made with 

In accordance with another aspect of the present regard to that tester's susceptibility to RD. 

invention, the RD-predictive acoustical tests may be fa accordance ^ still another as ^ ccl of tne present 

employed to remedy or treat reading defici . Once a test iht RD _ predict ive acoustical test includes any 

subject is found to suffer from or is likely to suffer from 20 combmation ^ orementioned f discrimina- 

reading deficit, the RD-predictive acoustical tests may be 4 . c ,. . . j n 

administered repeatedly to sharpen the auditory processing tlon 1 tes > salience ^ ^d repetition test. By 

skills. In this manner, these "tests" are now employed as employing multiple tests to predict RD, it has been found 

remediation training tools. It is believed that an improve- that RD prediction may be made more accurate for some 

ment in auditory processing skills tends to lead to improve- 25 individuals than can be made by any single one of the above 

ment in language and/or reading skills. tcsts - 

In accordance with another aspect of the present in accordance with yet another aspect of the present 

invention, the RD-predictive acoustical test includes a fre- invention, the inventive RD-predictive acoustical testing 

quency discrimination test in which the test subject is techniques are optimized for fully computerized testing. By 

presented in a sequential manner with a pair of tonal stimuli. 30 wav °f example, the nonverbal and simple nature of the 

The pair of tonal stimuli, which have frequencies within the stimuli of the inventive RD-predictive acoustical tests makes 

speech frequency range, are separated from each other by a it possible for a wide variety of computers, including rela- 

time interval and also by a given separation frequency. The tively simple computer terminals, to generate the required 

test subject is then asked to respond whether they perceive stimuli for testing. Additionally, the responses from the test 

the pair of tonal stimuli to have the same or different 35 subjects are designed such that they do not require any 

frequencies. The frequencies of the pair of tonal stimuli are intervention or supervision by another trained human being 

then randomized with the separation frequencies progres- to administer, interpret and/or score the tests. As long as the 

sively reduced in subsequent pairs of tonal stimuli admin- appropriate instructions are provided, which may be prere- 

istered. By recording the minimum separation frequency at corded in the appropriate language and/or level of sophis- 

which the test subject could no longer discriminate between 40 tication suitable for the test subjects, the entire testing can be 

tonal stimuli having different frequencies and comparing performed by the test subject using a computer without 

that minimum separation frequency with a predefined value, involving any other person. In this manner, testing can be 

it has been found that reasonably accurate prediction may be done with a high degree of convenience at a relatively low 

made with regard to that tester's susceptibility to RD. cost. 

In accordance with still another aspect of the present 45 In general, the RD-predictive acoustical tests may be 
invention, the RD-predictive acoustical test includes a fre- generated and administered using computer-implemented 
quency salience test in which the test subject is also pre- techniques. FIG. 1 shows a general purpose computer 
sented with a pair of tonal stimuli that are separated from system, representing a computer suitable for implementing 
each other by a given time interval. The pair of tonal stimuli the present inventive RD prediction method. Referring to 
generally have frequencies within the speech frequency 50 FIG. 1, a computer system 250 in accordance with the 
range. Each tone further has associated with it an auditory present invention includes a central processing unit (CPU) 
mask, i.e., a masking sound, which is administered some- 252, read only memory (ROM) 254, random access memory 
time after the tone itself is administered but before the next (RAM) 256, expansion RAM 258, input/output (I/O) cir- 
tone. The test subject is then asked to respond whether they cuitry 260, display assembly 262, input device 264, and 
perceive the pair of tonal stimuli to have the same or 55 expansion bus 266. Computer system 250 may also option- 
different frequencies. The frequencies of the pair of tonal ally include a mass storage unit 268 such as a disk drive unit 
stimuli are then randomized with the time separation or nonvolatile memory such as flash memory and a real-time 
between an auditory mask and its associated tonal stimulus clock 260. In one embodiment, mass storage unit 268 may 
progressively reduced in subsequent pairs of tonal stimuli include units which utilizes removable computer readable 
administered. By recording the minimum time separation, 60 media, such as floppy disks, opto-magnetic media, optical 
i.e., the minimum time separating an auditory mask and its media, and the like for the storage of programs and data, 
associated tonal stimulus, at which the test subject could no CPU 252 is preferably a commercially available, single 
longer discriminate between tonal stimuli having different chip microprocessor such as one of the Intel X86 or 
frequencies and comparing that minimum time separation Motorola 680XX family of chips, a reduced instruction set 
with a predefined time separation value, it has been found 65 computer (RISC) chip such as the PowerPC™ micropro- 
that reasonably accurate prediction may also be made with cessor available from Motorola, Inc, or any other suitable 
regard to that tester's susceptibility to RD. processor. CPU 252 is coupled to ROM 254 by a data bus 
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272, control bus 274, and address bus 276. ROM 254 may 
partially contain the basic operating system for the computer 
system 250. CPU 252 is also connected to RAM 256 by 
busses 272, 274, and 276 to permit the use of RAM 256 as 
scratch pad memory. Expansion RAM 258 is optionally 
coupled to RAM 256 for use by CPU 252. CPU 252 is also 
coupled to the I/O circuitry 260 by.data bus 272. control hns 
274, and address bus 276 to permit data transfers with 
peripheral devices. 

I/O circuitry 260 typically includes a number of latches, 
registers and direct memory access (DMA) controllers. The 
purpose of I/O circuitry 260 is to provide an interface 
between CPU 252 and such peripheral devices as display 
assembly 262, input device 264, mass storage 268, head- 
phone 280, speaker 282, and/or any other I/O device. 
Display assembly 262 of computer system 250 is an output 
device for displaying objects and other visual representa- 
tions of data. 

The screen for display assembly 262 can be a device that 
uses a cathode-ray tube (CRT), liquid crystal display (LCD), 
or the like, of the types commercially available from a 
variety of manufacturers. Input device 264 can be a 
keyboard, a mouse, a stylus working in cooperation with a 
position-sensing display, or the like. Alternatively, input 
device 264 can be an embedded RF digitizer activated by an 
"active" RF stylus. As a further alternative, input device 264 
may be any type of switches capable of communicating a 
user response to computer system 250, Therefore, as used 
herein, the term input device will refer to any mechanism or 
device for entering data and/or pointing to a particular 
location on a screen of a computer display. The aforemen- 
tioned input devices are available from a variety of vendors 
and are well known in the art. 

Some type of mass storage 268 is generally considered 
desirable. However, mass storage 268 can be eliminated by 
providing a sufficient amount of RAM 256 and expansion 
RAM 258 to store user application programs and data. In 
that case, RAMs 256 and 258 can optionally be provided 
with a backup battery to prevent the loss of data even when 
computer system 250 is turned off. However, it is generally 
desirable to have some type of long term mass storage 268 
such as a commercially available hard disk drive, nonvola- 
tile memory such as flash memory, battery backed RAM, 
PC-data cards, or the like. 

The acoustical signals generated by computer system 250 
may be output to the tester using either headphone 280 or 
speaker 282. In general headphone 280 and speaker 282 may 
represent any suitable transducer device for generating 
sound waves responsive to signals from computer system 
250. 

In operation, computer system 250 is employed to gen- 
erate tonal stimuli of the various tests. These tonal stimuli 
may be furnished to the test subject using either headphone 
280 or speaker 282. Responses from the user may then be 
recorded by input device 264 and analyzed by CPU 252 to 
predict or ascertain RD. If desired, feedback to the user may 
be given at various stages of the test(s) via display assembly 
262. 

It should be borne in mind that although computer system 
250 is discussed in detail herein to facilitate discussion, the 
inventive RD prediction technique may be practiced on a 
variety of suitable computer-implemented technique. By 
way of example, the inventive RD prediction technique 
disclosed herein may be implemented via a computer 
network, such as a local area network (LAN), wide area 
network (WAN) or a global computer network such as the 
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Internet. In the latter case, the inventive RD prediction 
technique may be implemented as downloadable computer 
software and data (e.g., applets). The downloadable com- 
puter software and data may be kept on one or more servers 

5 on the network, accessible by any client computer or termi- 
nal capable and authorized for such access. To facilitate 
tpgtin a thp downloadable computer software and~data can 
be downloaded once and reused over and over at the client 
computer/terminal. Alternatively, the downloadable corn- 

10 puter software and data can be downloaded for each indi- 
vidual testing session via the network as needed. Network 
computing techniques and implementations therefor are well 
known in the art and are not discussed in great detail here for 
brevity's sake. 

35 Frequency Discrimination 

FIG. 2 illustrates, in accordance with one embodiment of 
the present invention, exemplary tonal stimuli TS1 andTS2, 
which are administered to the test subject as a sequential pair 
of tonal stimuli to test for frequency discrimination. Each of 

20 tonal stimuli TS1 and TS2 preferably has a sufficiently long 
duration such that duration is not a significant variable in the 
frequency discrimination test. In one example, a tone dura- 
tion of about 250 milliseconds works well for tonal stimulus 
TS1 and/or tonal stimulus TS2. However, a tone duration 

25 may range from between about 10 milliseconds and about 
1000 milliseconds. 

As shown in FIG. 2, tonal stimulus TS1 is separated from 
tonal stimulus TS2 by an inter-stimulus interval ISI1, which 

30 is again preferably sufficiently long such that the inter- 
stimulus interval does not become a significant variable in 
the frequency discrimination test. An inter-stimulus interval 
ISI1 of about 800 milliseconds works well in one example. 
However, the inter-stimulus interval may range from 

35 between about 0 milliseconds and about 2000 milliseconds. 
To substantially eliminate loudness (amplitude) as a signifi- 
cant variable, tonal stimuli TS1 and TS2 preferably have the 
same amplitude. In general, any amplitude within the range 
of hearing comfort may be employed, e.g., about 70 dB SPL 

4Q (Sound Pressure Level) in one example. 

To test for frequency discrimination, the frequency of 
tonal stimulus TS1 and/or tonal stimulus TS2 is permitted to 
change such that their separation frequency (i.e., their fre- 
quency difference) is progressively reduced in subsequent 

45 tonal stimuli pairs. Preferably, the frequency fl of tonal 
stimulus TS1 and/or f2 of tonal stimulus TS2 is kept within 
the speech frequency range (i.e., between about 100 Hz and 
about 5000 Hz). In one example, the frequencies fl and f2 
of respective tonal stimuli TS1 and TS2 are randomized 

50 within the range of about 600 Hz to about 1400 Hz, with 
their separation frequencies gradually approach zero as the 
test progresses. 

For each tonal stimuli pair, the test subject is asked to 
listen to the first tonal stimulus and then the second tonal 

55 stimulus in sequence. These tonal stimuli may be generated 
by the aforementioned computer system using its software 
and/or hardware and administered to the test subject via an 
appropriate transducer such as the speaker or headphone. 
Thereafter, the test subject is asked to identify whether the 

60 two tonal stimuli are the same or different. Alternatively, the 
test subject may be asked to identify which of the two tonal 
stimuli has the higher frequency. The response may be input 
into the computer system using the aforementioned input 
device, e.g., a mouse, keyboard, or the like. 

65 At some frequency separation, the test subject's answer 
will become inaccurate, i.e., the test subject will no longer 
be able to discriminate between the frequencies of the tonal 
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stimuli. When this happens, the test may be discontinued or example. However, this time value Tl may range from 

may be permitted to continue for some time with the between about 0 milliseconds (since the lower limit is 

frequency separation centered around the point at which bounded by the duration of the masker, which may be 0) and 

frequency discrimination previously failed in order to elimi- about 2000 milliseconds. To substantially eliminate loud- 
nate freak errors. By way of example, an adaptive staircase 5 ness (amplitude) as a significant variable, tonal stimuli TS1 
procedure may be employed wherein the frequency separa- TS2 ag 4 ™ preferably have the same amplitude. In 

tion is nrotrresRivelv reduced until fmmiftnrv rtisrrim, nation general, any amplitude within the range of healing comfort 

failure occurs. AftcJ frequency discrimination failure occurs, ma ^ be employed, e.g., about 70 dB SPL in one example, 
the frequency separation may be arbitrarily enlarged and Jo eliminate the effect of frequency discrimination, the 
then progressively reduced again to validate the failure 10 f ir of tonal sUmuh of FIG. 4 preferably assume fixed 

frequency. This sequence may occur many times if desired. frequency values within the speech frequency range. As 

n J ^ m such, their frequency separation value is also fixed. 

It has been found that people with RD tend to require a Preferably, this frequency separation value is substantially 

much larger frequency separation for reliable frequency higher than the minimum frequency separation value that 

discrimination. The minimum frequency separation value people with RD can begin to distinguish the frequencies of 
for a given test depends, in part, on other parameters of the 15 different tonal stimuli. In one example, the first tonal stimuli 

test, e.g., duration of each tone, amplitude of each tone, ISI, has a frequency of either about 900 Hz or 1100 Hz, with the 

the structure of the test sequence. In one example, a fre- second tonal stimuli having a frequency of either about 1100 

quency separation of about 100 Hz or more may be needed Hz or 900 Hz respectively. In this manner, their frequency 

for reliable frequency discrimination by people with RD, separation value is kept relatively high, e.g., about 200 Hz 
versus about 50 Hz or less (e.g., about 10-30 Hz) for normal 20 which is substantially higher than the 100 Hz frequency 

people. In some cases, RD prediction accuracy approaches separation threshold at which people with RD begin to have 

80% using the frequency discrimination test alone, i.e., the difficulty making frequency discrimination, 
test can be employed to predict RD accurately 80% of the Further, each tonal stimulus is followed by a respective 

umc< masking sound. As shown in FIG. 4, tonal stimulus TS1 is 

CT p * .„ , . . j -.u . c 25 followed by a masking sound Ml after an inter-stimulus 

FIG. 3 illustrates, in accordance with one aspect or the . , A „ 6 . t . t —o* . c „ , . 

' ... , j , ■ . r interval of ISI1, and tonal stimulus TS2 is followed by a 

presen invention, the computer-implemented I technique for maskingsoUDdM2 after an inter-stimulus interval of ISI2 .In 

generating the tonal stimuli employed for RD prediction one e l£> the maski fa a band noise havi 

based on frequency discrimination. In step 302, the first a flat spectrum of over the be(fatQcy range of 600-1400 Hz. 

tonal stimulus is generated. The duration and amplitude of Not6 mat although FIG. 4 depicts a backward masking 

this first tonal stimulus are preferably set at predefined situation (i.e., the situation in which the mask follows the 

values in order to eliminate their influence on the frequency 50und)) „ forwa[d or simultal]eous masking proc6 dure may 

discrimination test result. In step 304, the second tonal be employed if desired 

stimulus is generated. Again the duration and amplitude of To Wst for frequency ^ce, the inter-stimulus interval 
this first tonid stimulus is preferably set at predefined values Kn and/or ]SI2 is itted t0 progressively reduce in 
in order to eliminate their mfluence on the frequency dis- sub ent (ona] stimuli irs . For each tonal stimuli ^ 
cnmmation test result. In step 306, the first and second tonal me ^ subject & askcd to ^ to ^ firs( tonal stimulus> 
stimuli are administered to .the test subject. However, it may men ^ flrst maski ^ ^ smoA ^ stimuluSi 
be possible, in one embodiment, to administer each tona ^ ^ tne scemA maski sound ^ sequenc6 . tonal 
stimulus after it ^generated independent of the other tonal and maskjn SQUnds b(J ated b me afore . 
stimulus. In step 308, the response from the test subject is mtnlioaed system using its software and/or hard- 
recorded. If the response is accurate (step 310), the fre- waK &nd adm i nistered t0 me test subject via an a pp ropr i a te 
quency separation value between the first tonal stimulus and ttaasdxlctT sucn as the ^ of hea dphone. Thereafter, the 
the second tonal stimulus is reduced (step 312), and the , est subject ^ asked , 0 identif wbich of the ^ tonal 
method returns to step 302 to generate another tonal stimuli stimuli has me hj hef f ^ ^ m be j , 
pair. On the other hand, if the response is inaccurate (as ^ me computer system using the aforementioned input 
determmed in step 310), the frequency separation value at devicej a mouse> k board> or , he ^ 

which frequency discnmmation rails is employed to predict A . . ^ . , 1 . ^. , , . 

n t\ / i i + a\ a i j- * j * . >x\a j JV i At some mter-stunulus interval (ISI) value, the test sub - 

RD (step 314). As also indicated in step 314, additional . .„ , . v . ' . , /. , A , A . 

i.j \- 4 ✓ r 4 . j j i • x • jeers answer will become inaccurate. It is believed that the 

validation steps (e.g., the aforementioned adaptive staircase J c . - iU 4 . «. , , . 

. ^ V , j i *i_ c so way the frequencies of the tonal stimuli are represented in 

procedure) may be employed to ensure the accuracy or the J . , A, „• . ri . . a f 

j es ^ * * * * } the mind or those surleruig or likely to sutler from RD are 

less stable than in normal people. Accordingly, those suf- 

Frequency Salience fering or likely t0 suffcr from RD would have difficulty with 

FT G. 4 illustrates, in accordance with one embodiment of the identity of the tonal stimuli, i.e., difficulty with 
the present invention, exemplary tonal stimuli TS1 and TS2, 55 identifying, retaining, and comparing the tonal stimuli in the 

which are administered to the test subject as a sequential pair presence of a closely spaced masking sound, 
of tonal stimuli to test for frequency salience. Each of tonal when this happens, the test may be discontinued or may 

stimuli TS1 and TS2 preferably has a relatively short dura- bc permitted to continue for some time with the inter- 

tion. In one example, a tone duration of about 20 millisec- stimulus interval (ISI) values centered around the point at 
onds works well for tonal stimulus TS land/or tonal stimulus 60 w hj cn frequency salience previously failed in order to 

TS2. However, a tone duration may range from between eliminate freak errors. As mentioned, an adaptive staircase 

about 10 milliseconds and about 1000 milliseconds. procedure may be employed wherein the ISI value is pro- 

As shown in FIG. 4, tonal stimulus TS1 is separated from gressively reduced until frequency salience failure occurs, 

tonal stimulus TS2 by a time Tl, which is preferably After frequency salience failure occurs, the ISI values may 
sufficiently long such that this time value Tl does not 65 be arbitrarily enlarged and then progressively reduced again 

become a significant variable in the frequency salience test. to validate the failure. This sequence may occur many times 

A time value of about 800 milliseconds works well in one if desired. 
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It has been found that people with RD tend to require a test, e.g., duration of each tone, amplitude of each tone, ISI, 

much larger ISI between the toDal stimulus and its respective the structure of the test sequence. 

masking sound for reliable frequency salience responses. By To perform the repetition test, the inter-stimulus interval 
way of example, an ISI of about 100 milliseconds or more ISI1 is permitted to progressively reduce in subsequent tonal 
may be needed for reliable frequency salience response by 5 stimuli pairs. For each tonal stimuli pair, the test subject is 
people with RD, versus about nearly zero ISI for normal asked to listen to the first tonal stimulus, then the inter- 
people stimulus interval flSIV then the second tonal stirmilns in 

" FIG. S iltorates, in accordance with one aspect of the f^ uence - ^ sdmu f lnd f be generated by 

./ * • I * 1 * u • c me aforementioned computer system using its software 

presen invention, the computer-implemented technique for afld/or hafdware ^ adm f mster J t0 the tes f subject via an 

generating the tonal stimuli employed for RD prediction M riate transducer such „ me s ^ or h J ead p hone . 

based on frequency salience. In step 502, the first tonal hereafter, the test subject is asked to identify the two tonal 

stimulus is generated. In step 504, the second tonal stimulus slimuli in lhe light order For ^ test> more complex stirmili 

is generated. In step 505, the masking noises are generated. ^an simple tones, e.g., complex tones or natural sounds, 

Of course this masking noise generation step may precede may also be emp i oyed if desired. The response may be input 

any of steps 502 and/or 504 if desired. In step 506, the first 15 ^ the computer system using the aforementioned input 

and second tonal stimuli, along with their respective mask- device eg a mouse 

ing noises, are administered to the test subject. However, it Al ^ me \ BXe[ . stimulus interval m vahle> the test su5 . 

may be possible, m one embodiment, to administer each ■ , s aQSW6r wiu become ^ tWs h 

tonal stimulus and masking noise after it is generated ^ ^ bediMon^ued or may be pennilted to continue 

independent °f the other tonal stimulus and/or masking *> for SQmc ^ ^ ^ ^.^^ interval (ISI) valucs 

noise. In step 508, the frequency salience response trom the centeKd the - t a which 

the repetition test subject 

test subject is recorded. If the response is accurate (step iousl failcd in order t0 elin3mate &eak errors< M 

510), the ISI value between the tonal stimuli and their mentioned) aD adaptive s t a i rcase procedure may be 

respective masking noises are reduced (step 512) and the }oycd wherein the ISI value ^ p rogre ssively reduced 

method returns to step 502 to generate another tonal stimuli 25 ^ ^ ^ t f ^ ^ f ^ q 

pair. On the other hand, if the response is uiaccurate (as ^ ISI yalue ^ arbitraril enl d ^ tneo 

determined in step 510) the ISI value at which frequency sivel reduced ft m to vdidale ^ Mure ^ ce 

salience fails is employed to predict RD (step 514). As also Qccm dmes tf desired 

indicated in step 514, additional validation steps (e.g., the T , . , - , , , ... D ~ , , . 

t . f , t . j \ u m It has been found that people with RD tend to require a 

aforementioned adaptive staircase procedure) may be JU , , T „ T , t Z ^ , , * 

, , 4 T c » * much larger ISI between the tonal stimuli for reliable 

employed to ensure the accuracy of the test. 4 . a *? - ^, t , .. ™ . . IOf . 

. . identification of the tonal stimuli. The minimum ISI value 

Repetition Test f or a test dependSj [ n on 0 t ner parameters of the test, 

FIG. 6 illustrates, in accordance with one embodiment of e.g., duration of each tone, amplitude of each tone, the 

the present invention, exemplary tonal stimuli TS1 and TS2, 35 structure of the test sequence, and the like. In one test, an ISI 

which are administered to the test subject as a sequential pair of about 100 milliseconds or more may be needed for 

of tonal stimuli to test for repetition. Each of tonal stimuli reliable responses by people with RD, versus about nearly 

TS1 and TS2 preferably has a duration between about 10 ms zero ISI for normal people. If three separate tonal stimuli are 

and about 500 ms, preferably between about 20 ms and employed (instead of the above-described two), a person 

about 80 ms, and preferably has a duration of about 20 ms. 4Q suffering from or susceptible to RD would likely need 

As shown in FIG. 6, tonal stimulus TS1 is separated from hundreds of milliseconds more ISI than a normal person, 

tonal stimulus TS2 by a variable inter-stimulus interval ISI1. which tends to require only about 30-50 milliseconds to 

As the test progresses, this inter-stimulus interval time ISI1 reliably identify the tonal stimuli. 

is progressively reduced. An initial ISI value of about 500 FIG. 7 illustrates, in accordance with one aspect of the 

milliseconds or greater works well in one example. To 45 present invention, the computer-implemented technique for 

substantially eliminate loudness (amplitude) as a significant generating the tonal stimuli employed for RD prediction 

variable, tonal stimuli TS1 and TS2 again preferably have based on repetition. In step 702, the first tonal stimulus is 

the same amplitude. In general, any amplitude within the generated. In step 704, the second tonal stimulus is gener- 

range of hearing comfort may be employed, e.g., about 70 ated. In step 706, the first and second tonal stimuli separated 

dB SPL in one example. 50 by their initial ISI, are administered to the test subject. 

To eliminate the effect of frequency discrimination, the However, it may be possible, in one embodiment, to admin- 
pair of tonal stimuli of FIG. 6 may assume fixed frequency Kiev each tonal stimulus after it is generated independent of 
values within the speech frequency range. As such, their me otner lonal stimulus. In step 708, the response film the 
frequency separation value is also fixed. Preferably, this test subject is recorded. As mentioned earlier, the test subject 
frequency separation value is substantially higher than the 55 & asked to identify and report the two stimuli in the order 
minimum frequency separation value that people with RD presented. 

can begin to distinguish the frequencies of different tonal If the response is accurate (step 710), the ISI value 

stimuli. In one example, the first tonal stimuli has a fre- between the tonal stimuli is reduced (step 712), and the 

quency of either about 800 Hz or 1200 Hz, with the second method returns to step 702 to generate another tonal stimuli 

tonal stimuli also having a frequency of either about 1200 60 pair. On the other hand, if the response is inaccurate (as 

Hz or 800 Hz. In this manner, their frequency separation determined in step 710), the ISI value at which repetition 

value is kept relatively high, e.g., about 400 Hz which is fails is employed to predict RD (step 714). As also indicated 

substantially higher than the 100 Hz frequency separation in step 714, additional validation steps (e.g., the aforemen- 

threshold at which people with RD begin to have difficulty tioned adaptive staircase procedure) may be employed to 

making frequency discrimination in the one example dis- 65 ensure the accuracy of the test. 

cussed earlier. Again, the minimum frequency separation White this invention has been described in terms of 

value for a test depends, in part, on other parameters of the several preferred embodiments, there are alterations, 
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permutations, and equivalents which fall within the scope of 
this invention. By way of example, although the acoustical 
tests are individually described herein for ease of 
comprehension, a battery of acoustical tests for the purpose 
of determining RD may include any combination of the tests 
described. It is therefore intended that the following 
appended claims be inierpreied as including" all" suuli 
alterations, permutations, and equivalents as fall within the 
true spirit and scope of the present invention. 
What is claimed is: 

1. A computer-implemented method for predicting read- 
ing deficit in a human being based on acoustic 
measurements, comprising: 

(a) generating a first tonal stimulus having a first fre- 
quency; 

(b) generating a second tonal stimulus having a second 
frequency; 

(c) providing said first tonal stimulus to said human being; 

(d) providing said second tonal stimulus to said human 
being; 

(e) receiving a response from said human being, said 
response having at least two response values, a first 
response value of said two response values indicating a 
first perception by said human being that said first tonal 
stimulus equals said second tonal stimulus, said second 
response value of said two response values indicating a 
second perception of said human being that said first 
tonal stimulus differs from said second tonal stimulus; 
and 

(f) ascertaining a frequency difference at which said 
response becomes inaccurate, said frequency difference 
representing a difference between said first frequency 
and said second frequency, said frequency difference 
indicating said human being susceptible to said reading 
deficit if said frequency difference is above a pre- 
defined value. 

2. The computer-implemented method of claim 1, farther 
comprising: 

modifying at least one of said first frequency and said 
second frequency to reduce said frequency difference if 
said response is accurate, and 

repeating steps (a) through (f). 

3. The computer-implemented method of claim 2, further 
comprising: 

modifying at least one of said first frequency and said 
second frequency to increase said frequency difference 
if said response is inaccurate, and 

repeating steps a through f. 

4. The computer-implemented method of claim 1, 
wherein said human being is of a pre-reading age. 

5. A computer-implemented method for predicting read- 
ing deficit in a human being, comprising: 

(a) generating a set of tonal stimuli, including at least a 
first tonal stimulus and a second tonal stimulus, said 
first tonal stimulus being separated from said second 
tonal stimulus by an interval; 

(b) providing said set of tonal stimuli to said human being; 
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(c) receiving a response from said human being, said 
response from said human being indicating a percep- 
tion by said human being pertaining to said set of tonal 
stimuli; 

(d) ascertaining a first parameter pertaining to said set of 
tonal stimuli at which said response is inaccurate, said 
first parameter being one of a frequency parameter and 
a time parameter, said first parameter indicating said 
human being susceptible to said reading deficit if said 
first parameter is above a predefined parameter value. 

6. The computer-implemented method of claim 5 further 
comprising: 

modifying one of said first tonal stimulus, said second 
tonal stimulus, and said interval if said response is 
accurate; and 

repeating steps (a) through (d). 

7. The computer-implemented method of claim 6 wherein 
said modifying comprises modifying at least one of a first 
frequency of said first tonal stimulus and a second frequency 
of said second tonal stimulus to reduce a difference between 
said first frequency and said second frequency, said first 
parameter representing said frequency difference and said 
predefined parameter value representing a predefined fre- 
quency value. 

8. The computer-implemented method of claim 7 wherein 
said predefined frequency value is above about 50 Hertz. 

9. The computer-implemented method of claim 7 wherein 
said set of tonal stimuli is independent of whether said 
human being is fluent in a given language. 

10. The computer-implemented method of claim 7 
wherein said human being is a pre-reading child. 

11. The computer-implemented method of claim 6 
wherein said modifying comprises reducing said interval, 
said first parameter representing said interval and said 
predefined parameter value representing a predefined time 
period. 

12. The computer-implemented method of claim 11 
wherein said predefined time period is about 100 millisec- 
onds. 

13. The computer-implemented method of claim 12 
wherein said human being is a pre-reading child. 

14. The computer-implemented method of claim 5 
wherein said set of tonal stimuli is independent of whether 
said human being is fluent in a given language. 

15. The computer-implemented method of claim 5 
wherein said human being is a pre-reading child. 

16. The computer-implemented method of claim 5 
wherein said set of tonal stimuli further including a first 
masking sound and a second masking sound, said first 
masking sound being separated from said first tonal stimulus 
by a first time gap, said second masking sound being 
separated from said second tonal stimulus by a second time 
gap, said method further comprising: 

reducing at least one of said first time gap and said second 

time gap; and 
repeating steps (a) through (d). 
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